This paper describes a method which predicts future behavior of generating power of photovoltaic power generation apparatus, PV for short, using time-series datamining technique. Introducing the renewable energy apparatus, such as PV, and then operating pieces of apparatus by renewable power are essential for reducing the total emission of carbon dioxide. The point here is harmonization among the whole pieces of apparatus, we thus are necessary making a plan to share the limited PV power. The generating power of PV varies depending on meteorological factors, which means the optimized harmonization plan must be dynamically changed in accordance with the generated power. For this reason, we need a method to predict the future generation power of PV in making a plan.
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Many studies for forecasting the quantity of solar radiation by dealing with the season or the region and making the model are developed
(1)-(4) . These techniques forecast the electric power for a relatively short period of time. Additionally, some studies propose a method to predict quantity of solar radiation instead of generation power of PV. For effective use of photovoltaic generation, we need a direct forecasting technique of electric power for a long-term such as a day or more.
We develop a prediction method based on a combination of clustering, decision tree learning and dynamic time warping. The utilization data is time-series from five sensors that are the temperature, the atmospheric pressure, humidity, the velocity of the wind, and the solar radiation. The output of the system as prediction is a sequence of daily generating power of PV at intervals of five minutes. Figure 1 illustrates an outline of the system. The knowledge discoverer carries out three major steps. Each time-series data from one or more sensors is stored into a time-series database. Firstly, the knowledge discoverer cut out subsequences for every day from time-series data. Secondly, representative shapes are extracted by clustering using all subsequences from data of a sensor. To deal with shapes of time-series data, dynamic time warping is used in our clustering algorithm. All representative shapes are extracted from each data of each sensor. Finally, prediction rules are discovered by decision tree learning using these shapes.
The experiments use real data that are an electric power of photovoltaic system and several environmental sensors. The photovoltaic generation panel is set up on the roof of a detached home. The environment sensors that are solar radiation, temperature, humidity, the atmospheric pressure, and wind speed are installed near the panel. Table 1 shows the experimental results.
We carry out to install and experiment with a PV of 25 [m 2 ] and several sensors on a detached house. As a result of comparing measurements to prediction values, the mean absolute error per day is 0.34 [kW] . 
Introduction
Power output fluctuation of high penetration renewable energy such as photovoltaic power generation (PV) may cause negative impact on electric power systems. Accordingly, quantitative analysis of the fluctuation characteristics in consideration of smoothing effect of solar radiation intensity is necessary to accurately evaluate the negative impact. Based on this background, first, we propose a method for a systematic analysis of the power output fluctuation characteristics over various weather conditions by using long-term measurement data. Secondly, we propose a method to quantitatively analyze the impact of PV distribution on the smoothing effect against the power fluctuation. Our results demonstrate strong dependency of the effect to the weather conditions and the PV distribution.
Approach
Firstly, we classified the daily weather into 3 categories by using solar radiation intensity data obtained from 11 pyranometers installed in Sakai Solar Power Plant for one year from January to December 2012. Details of the proposed method are as follows.
• We converted the solar radiation intensity to Clearness Index (CI) by using the following formula.
Here, S 0 is solar radiation intensity at the observation point, and S t is theoretical solar radiation intensity on the top of the atmosphere.
• We calculated daily power spectral density (PSD) of the CI time series of each pyranometer, and averaged them over the 11 PSDs. Then, we integrated the averaged daily PSD for a target cycle (2-600sec). In this study, we call this value "Power of Clearness Index".
• We calculated the average value of the CI time series of each pyranometer on each day, and further took their average over the 11 pyranometers. In this study, we call this value "Average Value of Clearness Index".
• Based on the relationship between "Average Value of Clearness Index" and "Power of Clearness Index" shown in Fig. 1 , we classified the dates under our analysis into 3 categories. Each category is considered to reflect daily weather condition characterized by the combination of these two indices. Secondly, we quantitatively analyzed the smoothing effect in each category of the daily weather by using power output data sampled from power conditioning subsystems (PCS), which are concurrently observed with the pyranometer data. Its details are as follows.
• In order to analyze the impact of the PV distribution on the smoothing effect, we chose 5 patterns of the PV locations. In each pattern, assuming PV introduction rate is 25%, we selected 9 groups of PVs from the 36 groups, where each group is managed by a PCS. • For each pattern, we calculated the time series of the PV total power of the 9 groups on each day, and further derived its PSD.
• For each pattern, we averaged the PSD in each weather category. Then, we compared the PSD among the 5 patterns. Figure 2 shows that the PSD of pattern2 (a distribution concentrated to a narrow area) is close to the PSD of pattern3 (a dispersed distribution) in a short cycle, but it is closer to the PSD of pattern1 (a distribution concentrated at 1 point) in a large cycle. On the other hand, the PSD of pattern3 is closer to the PSD of pattern5 (a uniform distribution) in a large cycle. Because the PSD is small if the smoothing effect is large, this results demonstrate that the smoothing effect is larger under more dispersed PV distribution. In addition, our weather category based analysis showed that the smoothing effects are different in every category.
Results

